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De novo transcriptome assembly is an important approach in RNA-Seq data analysis and it can help us to reconstruct the tran-
scriptome and investigate gene expression profiles without reference genome sequences. We carried out transcriptome assem-
blies with two RNA-Seq datasets generated from human brain and cell line, respectively. We then determined an efficient way 
to yield an optimal overall assembly using three different strategies. We first assembled brain and cell line transcriptome using 
a single k-mer length. Next we tested a range of values of k-mer length and coverage cutoff in assembling. Lastly, we com-
bined the assembled contigs from a range of k values to generate a final assembly. By comparing these assembly results, we 
found that using only one k-mer value for assembly is not enough to generate good assembly results, but combining the contigs 
from different k-mer values could yield longer contigs and greatly improve the overall assembly. 
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The output of the next-generation sequencers is increasing 
dramatically while the cost is sharply decreasing. RNA-Seq 
technology enables us to investigate the transcriptome more 
comprehensively than microarrays and is becoming more 
popular for various gene expression studies [19]. During 
the data analysis, the transcriptome sequencing reads are 
usually first mapped to the reference genome sequences or 
transcriptome databases if they are available. However, the 
genomes of most species still have not been sequenced and 
high-quality-assembled reference genomes are lacking for 
most organisms. Therefore, de novo transcriptome assembly 
becomes the first analysis step for those unsequenced or-
ganisms. Furthermore, de novo transcriptome assembly can 
help researchers further investigate the genes that are miss-
ing from the reference genomes due to the incompleteness 
of reference sequences for those sequenced organisms [10]. 
Accordingly, de novo transcriptome assembly is an im-
portant approach for carrying out transcriptomics studies. 
Up to now, several pieces of software used for de novo 
assemble transcriptome based on short RNA-Seq reads have 
been developed. Unlike the overlap-layout-consensus ap-
proach from the Sanger Sequencing Method, which is 
widely implemented in the assembly algorithms for the long 
reads, the next-generation sequencing assembly programs 
mainly use the de Bruijn graph approaches. This approach 
can effectively handle huge amount of short sequencing 
reads. Velvet [11], ABySS [12], Trans-ABySS [13] and 
Trinity [14] all use the de Bruijn graph algorithm to process 
short reads and assemble those related reads into contigs or 
scaffolds. On account of that transcriptome coverage levels 
depend highly on the gene expression levels and variations 
in isoforms, gene families and the repetitive sequences 
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cause many instances of ambiguities, the contiguity of tran-
scriptome assembly is rarely high.  
For those organisms that have no high-quality-assembled 
reference genomes, it is urgent to find an effective de novo 
transcriptome assembly approach to gain their transcript 
sequences for further inference and annotations of their 
gene/isoform structures and potential functions. Moreover, 
further analyses on the assembled contigs are directly de-
pendent on the completeness of the reconstructed transcript 
sequences from the transcriptome sequencing sample. If the 
de novo transcriptome assembly process yields a large 
number of short contigs, it is difficult to analyze these short 
contigs and generate meaningful results. By contrast, the 
optimal assembly strategy could generate longer and more 
complete transcript sequences, which make the analysis 
steps much easier and increase the likelihood of a more 
meaningful research results. Consequently, it is essential to 
choose an effective de novo assembly strategy to reconstruct 
the transcriptome as complete as possible. 
Those de Bruijn-based assemblers usually have two im-
portant parameters: k-mer length and the value of coverage 
cutoff. The length of k-mer determines the number of such 
k-mers for a read to be divided. Coverage cutoff is mainly 
used to remove the artifacts caused by sequencing errors or 
variants. Since these two parameters largely determine the 
performance of those de Bruijn-based assemblers, using 
different values of k-mer and coverage cutoff in the assem-
blies will generate different assembly results [15]. Generally 
speaking, a single value for k and coverage cutoff is unlike-
ly to generate the optimal assembly results. To assess how 
the values of k-mer length and coverage cutoff influence the 
overall assembly results, we tried three different assembly 
approaches to assemble two transcriptome sequencing da-
tasets from human brain tissues and 10 mixed cell lines (see 
Materials and methods). We first assembled these two da-
tasets using a single k-mer value, and then we tried a series 
of k-mer length and coverage cutoff values with Velvet as-
sembler. We also tested the strategy that combines the as-
sembled contigs from different k-mer values to yield a final 
assembly. Lastly, we compared the assembly results from 
these three different strategies and determined the optimal 
one.  
1  Materials and methods 
1.1  Data usage 
In this study, we used two transcriptome sequencing da-
tasets from two human reference RNA samples established 
by the MicroArray Quality Control (MAQC) project [16] 
with standard Illumina next-generation sequencing tech-
nology: the Universal Human Reference RNA (UHRR) 
from 10 human cell lines of various origins [17] and the 
Human Brain Reference RNA (HBRR) from several regions 
of the brain of 23 adult donors. These two datasets consisted 
of ~59.46 million and ~53.24 million of single-end se-
quencing reads for cell lines and brain, respectively. The 
sequencing reads are 35 bp in length. These two datasets 
used in this study can be downloaded from NCBI Gene Ex-
pression Omnibus (http://www.ncbi.nlm.nih.gov/geo) under 
accession number GSE30222. The human reference genome 
sequences of hg19 were downloaded from UCSC (http:// 
genome.ucsc.edu/). 
1.2  Software usage 
We used the Velvet [11] package (version 1.1.06) to con-
duct the brain and cell line de novo transcriptome assem-
blies. Velvet is available at http://www.ebi.ac.uk/~zerbino/ 
velvet/. To test different assembly strategies, we also used 
two contributed programs in the Velvet package: VelvetOp-
timiser and AssemblyAssembler. VelvetOptimiser (devel-
oped by Simon Gladman) is a wrapper script designed to 
assist Velvet to optimize the assembly. AssemblyAssembler 
is designed by Jacob Crawford to automate a directed series 
of assemblies using the Velvet assembler. After finishing 
the assembling, the assembled contigs from three different 
assembly strategies were aligned to the human reference 
genome hg19 using Blat (version 34) [18] with -trimT op-
tion enabled. We then used the criteria of 90% identity and 
90% coverage to remove those contigs that cannot be 
aligned to the human reference genome. 
2  Results 
2.1  De novo transcriptome assembly  
The goal of our study is to investigate how to improve de 
novo transcriptome assembly results with an effective strat-
egy that generate an optimal overall assembly, using Velvet 
assembler. Good assembly approaches can optimize the 
overall assembly results and reduce the redundancy of short 
contigs, and generate longer and more complete contigs. 
This is vital for further analyses that rely on the de novo 
assembled transcript contigs on account of that longer con-
tigs can be mapped and analyzed more easily compared 
with the redundant shorter contigs. Our testing datasets 
were two transcriptome sequencing data of human brain 
tissues and 10 mixed cell lines from the MAQC [16] pro-
ject. 
To determine the combination of the parameters for an 
optimal overall assembly, we tried three different strategies. 
First, we assembled the brain and cell line transcriptome 
sequencing datasets using Velvet with k-mer length of 21 
and other parameters as their default values. Second, we 
searched the k-mer values ranging from 17 to 33 for the 
optimum, estimating the expected coverage, and then 
searched for the optimum coverage cutoff using the con-
tributed software VelvetOptimiser in the Velvet package. 
Third, we conducted Velvet assemblies using default pa-
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rameter values across 17 to 33 of k-mer length and took the 
contigs from these assemblies as input for a final assembly 
by AssemblyAssembler on two datasets of the brain and cell 
line. After completing these assemblies, we compared their 
assembly results to determine the best strategy. 
2.2  Comparison of assembly results  
For each assembly strategy, only those contigs longer than 
100 nucleotides were kept and shorter contigs were re-
moved. We found that for both brain and cell lines, the first 
assembly strategy generated the largest number of contigs 
but many of them are short in length (brain: range from 100 
bp to 3336 bp; cell lines: range from 100 bp to 3182 bp) 
compared with the other two strategies (Table 1). For the 
second assembly strategy, we used VelvetOptimiser to 
search the k-mer length range from 17 to 33 for the opti-
mum assembly. VelvetOptimiser found the best assembly 
results are with k-mer length of 25 and coverage cutoff of 
2.83 for both brain (range from 100 bp to 8474 bp) and cell 
lines (range from 100 bp to 6087 bp). The third approach 
generated the least number of contigs (79515 for brain and 
79367 for cell lines), but overall its assembled contigs are 
longer than those from the other two strategies (brain: range 
from 100 bp to 12895 bp; cell lines: range from 100 bp to 
9534 bp). 
We further compared the overall assembly results from 
these three different strategies. For brain transcriptome, the 
N50 contig length of these three approaches are 244, 300 
and 479 bp; and for cell line transcriptome, N50 are 249, 
303 and 513 bp, respectively (Table 1). The maximum con-
tig length from the third strategy is the longest (12895 bp 
for brain and 9534 bp for cell lines), while the first strategy 
generates the shortest maximum lengths (3336 bp for brain 
and 3182 bp for cell lines). However, the first strategy ob-
tains the largest total contig length (25.2 Mb for brain and 
26 Mb for cell lines) and the second strategy yielded the 
least total contig length (18.4 Mb for brain and 19.6 Mb for 
cell lines). Although the sum of contig lengths generated 
with the first approach is the largest, those contigs might 
contain more redundancies. The contig length distributions 
for these three strategies are shown in Figure 1. Although 
the first strategy generates the largest number of assembled 
contigs compared to the other two approaches for brain and 
cell lines, these contigs generated from the first strategy are 
shorter than the contigs from the other two strategies. In 
general, the first and the second assembly strategy yielded 
short and discontinuous contigs, while the third approach 
increased the continuity of contigs and generated longer 
contigs. 
2.3  Mapping assembled contigs onto the human ge-
nome 
To select all possible correctly assembled contigs from the 
whole generated contigs we mapped all the assembled con- 
Table 1  Comparison of assembly results for three different strategiesa) 
Contig statistics 
Brain Cell lines 
First strategy Second strategy Third strategy First strategy Second strategy Third strategy 
Number 114715 73122 79515 117624 78082 79367 
Min (bp) 100 100 100 100 100 100 
Max (bp) 3336 8474 12895 3182 6087 9534 
N50 (bp) 244 300 479 249 303 513 
Mean (bp) 219.8 251.9 328.3 221.4 251.2 339.1 
Median (bp) 163 164 184 163 161 188 
Total length (Mb) 25.2 18.4 26.1 26 19.6 26.9 
a) The first strategy sets k=21 for Velvet to carry out assembly; the second strategy represents using VelvetOptimiser to search k values from 17 to 33 to 
find an optimal assembly; the third strategy uses AssemblyAssembler to combine the assembled contigs of k from 17 to 33 to yield a final assembly.  
Table 2  Aligned assembled contigs for three different approachesa) 
Aligned contig statistics 
Brain Cell lines 
First strategy Second strategy Third strategy First strategy Second strategy Third strategy 
Number 109920 70367 75330 112662 74976 75435 
Min (bp) 100 100 100 100 100 100 
Max (bp) 3336 8474 12895 3182 6087 9534 
N50 (bp) 250 308 494 254 312 526 
Mean (bp) 223 256.1 335.1 224.8 255.7 345.9 
Median (bp) 166 166 188 165 164 192 
Total length (Mb) 24.5 18 25.2 25.3 19.2 26.1 
a) The three strategies are the same as those in Table 1. The assembled transcript contigs from these three approaches were aligned to the human refer-
ence genome hg19 using 90% identity and 90% coverage as threshold. 
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Figure 1  Contig length distributions of three different strategies for brain and cell lines. A and B, The k-mer length was set as 21 for Velvet and other 
parameters were used as default. C and D, VelvetOptimiser was used to search k values from 17 to 33 to find an optimal assembly. E and F, AssemblyAs-
sembler was used to combine the assembled contigs with k-mer length from 17 to 33 to generate a final assembly. The distribution of contig lengths for the  
x-axis is presented in log scale. 
tigs from these three different strategies to the human ref-
erence genome hg19 using Blat [18]. Considering that the 
sequences of the transcribed RNAs might be changed by 
RNA editing or contain variations, and the human genome 
sequences are very complex and might make it difficult for 
the aligner to match all those bona fide transcript contigs to 
the reference sequences, we finally chose 90% identity and 
90% coverage as the threshold. With these criteria, 4795 
brain contigs (range from 100 bp to 1046 bp) and 4962 cell 
line contigs (range from 100 bp to 1088 bp) were removed 
from the assembled contigs of the first strategy; 2755 brain 
contigs (range from 100 bp to 1400 bp) and 3106 cell line 
contigs (range from 100 bp to 962 bp) were removed from 
the second strategy; 4185 brain contigs (range from 100 bp 
to 4916 bp) and 3932 cell line contigs (range from 100 bp to 
4491 bp) were removed from the third strategy. Those dis-
carded contigs might result from the wrong assemblies or 
the expressed novel transcript contigs that are missing from 
the human reference genome due to the incompleteness of 
the human reference genome [10]. 
After removing the contigs that cannot be mapped to 
hg19, we compared the aligned contigs from the three ap-
proaches. For the first assembly strategy, 109920 brain con-
tigs (range from 100 bp to 3336 bp) and 112662 cell line 
contigs (range from 100 bp to 3182 bp) were aligned. For 
the second assembly strategy, 70367 brain contigs (range 
from 100 bp to 8474 bp) and 74976 cell line contigs (range 
from 100 bp to 6087 bp) were mapped. For the third assem-
bly strategy, 75330 brain contigs (range from 100 bp to 
12895 bp) and 75435 cell line contigs (range from 100 bp to 
9534 bp) were aligned. The detailed statistics of those 
aligned contigs for the three approaches can be found in 
Table 2. Comparing the results, we found that the third 
strategy achieved the best assembly results, while the se-
cond approach is superior to the first one. Therefore, the 
most efficient way to improve the de novo transcriptome is 
to combine the assembled contigs from different k-mer 
lengths together to generate a final assembly.  
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3  Discussion 
We conducted de novo transcriptome assemblies on two 
human RNA-Seq datasets generated from the brain and cell 
line using Velvet with three different approaches. We found 
that the best way to achieve an optimal overall assembly is 
to combine the assembled contigs from different k-mer 
length to produce a final assembly. The length of k-mer and 
the value of coverage cutoff are the two most important 
parameters for Velvet in assembling. Only one k-mer length 
for the assembly is not enough to obtain a good overall as-
sembly. To figure out that which k-mer length and coverage 
cutoff can generate the optimal results, a range of values for 
these two parameters have been tested. Furthermore, our 
results also demonstrate that the contig sets from those as-
semblies of different k-mer values have overlaps among 
them and they can be combined together to improve the 
assembly results and yield longer contigs.  
Transcriptome assembly programs that have been devel-
oped currently can mainly be divided into two categories, 
based on the requirement for a reference genome sequences 
(genome-guided) or not (genome-independent or de novo). 
The genome-guided methods (such as Cufflinks [19] and 
Scripture [20]) map the short reads onto the reference ge-
nome sequences and assemble the mapped reads into tran-
script fragments using the mapping information. The other 
category is de novo assemblers that are based on de Bruijn 
graphs and does not need the reference genome sequences. 
Although the genome-guided methods can generate the best 
assembly results in principle, sequencing genome in the past 
was costly and time-consuming. These factors prevented the 
sequencing technologies from being widely used other than 
on a few model species. Moreover, considering the com-
plexities of the genome and transcriptome, it is difficult to 
obtain a complete and fully annotate reference genome. 
Consequently, de novo transcriptome assembly approach is 
very useful in RNA-Seq data analysis for various organ-
isms.  
In the future, if different lengths of RNA molecules can 
be fully sequenced in one run, there will be no need for 
transcriptome reconstruction and data analysis will become 
much easier. However, it still has a long way to go to reach 
this goal [21]. Our study can provide guidance for those 
researchers that need to carry out de novo transcriptome 
assemblies and help them to choose an efficient assembly 
approach to improve their de novo assembly results. 
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